indicating that all women aiming for vaginal birth should be counseled on the comparative advantages and disadvantages of CS as an alternative. 9, 10 Increased maternal age and body mass index (BMI) appear to raise CS risk before and during labor, and a breech presentation or a previous CS are accepted medical indications for pre-labor CS, but further explanations for rising CS rates are being sought. [11] [12] [13] Lowered clinician thresholds for performing CS for subjective diagnoses may be key to further understanding of high and variable CS rates. This applies to the leading indications for primary CS: delayed progress in labor and suspected fetal distress. 14 Minimal data exist to support or refute that thresholds have changed. 10, [15] [16] [17] Lowered thresholds for diagnosing delayed labor progress may be indicated by a shortened average duration of labor before performing CS. In the context of suspected intrapartum fetal distress, a lowered diagnostic threshold may be indicated by a reduced proportion of these CS having confirmed fetal acidosis. [18] [19] [20] Assessment of such thresholds for performing unplanned CS has not been thoroughly investigated, nor has the effect of CS on neonatal outcome. 5 These issues are addressed in this work.
This study aimed to assess the degree to which demographic and clinical factors, including clinical thresholds for performing a CS, explain changes in planned and unplanned CS rates over time,
and to explore the relation between these deliveries and neonatal outcomes.
| MATERIAL AND ME THODS
A time-trends analysis of deliveries in Aberdeen City and District be- A total of 53 745 primiparous women who delivered at term between 1988 and 2012 were included as shown in Figure 1 . This study period featured contemporary labor practices in a stable population.
Because mode of delivery in a first pregnancy strongly determines overall CS rates, and decisions on when to diagnose delayed progress in labor vary according to parity, 20,21 the study population was limited to primiparous women delivering term infants (greater than or equal to 37 completed weeks of gestation).
Unplanned and planned CS rates (%) by year quintiles from 1988 to 2012 were measured. Change in unplanned CS rates per year were calculated, adjusting for maternal age, BMI, induction of labor (IOL) rate, clinician threshold for performing CS due to lack of labor progress, and clinician threshold for CS due to suspected fetal distress. Change in planned CS rate per year was adjusted for maternal age and BMI. The original protocol stated that all CS rates would be measured per year rather than per year quintile. The decision to calculate using year quintiles was made following visual inspection of the data distribution which required smoothing.
Gestational age was recorded at delivery in completed weeks, based on last menstrual period confirmed by ultrasound examination. Maternal age was recorded in completed years at delivery; maternal BMI was calculated at booking appointment using the equation BMI (kg·m −2 ) = weight (kg)·height 2 (m). For multiple pregnancies, only mode of birth for the first baby was assessed. Each woman who had a CS was assigned a primary indication for CS, from a possible list of 9 reasons, using the "Causal Model for Indications of CS" or "Ontario Classification" as used by Lomas et al. 22 This method prioritized "failure to progress in labor" over "suspected fetal distress". Rates of overall, planned, and unplanned CS were calculated as a percentage of all primary, term deliveries for each year ). An "abnormal" fetal blood sample (FBS) was defined as pH ≤7.20. Neonatal death was defined as death within the first 28 days of life; a "low" Apgar was defined as a score of <7 at 5 minutes. A diagnosis of "birth trauma" included injury to the scalp (cephalohematoma significant enough to require neonatalogy input), cranium, In the third analysis stage, the association between planned and unplanned CS and adverse neonatal outcomes was assessed using binary logistic regression models including potential confounders and year of delivery, with the dependent variable being the neonatal outcome of interest. Outcomes studied included neonatal death, low
Apgar score (<7) at 5 minutes, admission to the neonatal unit, and incidence of birth trauma. Multivariable binary logistic regression was used to calculate these risks with 95% confidence intervals. Statistical significance was reported at the 5% level and all statistical analyses were conducted using IBM SPSS STATISTICS, version 22 (IBM, Armonk, NY, USA). Figure 3 , Table 1 ). ternal BMI was associated with an 8% increased risk of planned CS and a 6% increase in odds of unplanned CS. IOL was associated with a doubling of odds of unplanned CS (Table 3) . (Table 4) .
Included in analysis
Overall, neonatal outcomes in the whole cohort have improved since 1988 with an annual decrease in neonatal deaths, deliveries with a low Apgar score, and birth trauma between 1988 and 2012 of 3%, 3%, and 2%, respectively. However, there was a slight annual increase in the odds of neonatal unit (NNU) admissions. Babies delivered at term by planned CS are more likely to die within the first 28 days of life compared with all other modes of delivery, even after adjustment for time, maternal age, BMI, and gestation (Table 5) .
Delivery by planned CS was associated with a reduced risk of a low Apgar score at 5 minutes. The adjusted risk of low Apgar for babies delivered by unplanned CS is more than double that of babies delivered vaginally.
Data from 1992 to 2012 demonstrate that babies born by unplanned CS are twice as likely to be admitted to the NNU, compared with those delivered vaginally. CS delivery appears to protect against birth trauma, especially unplanned CS, where the odds are more than halved compared with all other modes of delivery except planned CS (Table 5 ).
| Ethical Approval
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| D ISCUSS I ON
This single-center population-based study has shown that, in addition to changes in maternal demographic factors, lowering of clinical thresholds for performing CS in labor partly explain rising CS rates. To the best of our knowledge this is the first study that has assessed the thresholds for performing CS due to suspected fetal perform CS for delayed progress after shorter durations of labor, and CS for suspected fetal distress is more often performed in the absence of evidence of fetal acidosis. The study demonstrated that planned and unplanned CS are more likely with increased maternal age and BMI, and unplanned CS is also associated with IOL.
Despite a more than doubling of both planned and unplanned CS suggesting that pregnancy and labor mechanisms are affected by these factors. 11, 13, 14, 24, 26, 27 The increased planned CS rate over time may reflect greater antenatal morbidity and increased awareness of women at high risk of unplanned CS in labor. The higher likelihood of CS following induced labor is understood not to be causal, as randomized controlled trials of IOL have demonstrated. 28, 29 The positive association is highly likely to reflect the underlying indication for IOL, with hypertensive disorders and fetal growth restriction being major potential confounders.
The contribution of intrapartum CS for subjective indications (delay in labor progress and suspected fetal distress) to overall CS rates is in keeping with a US study by Barber et al 10 which found that 50% of the increase in primary CS was explained by procedures for these indications. Our data suggesting falling clinical thresholds for performing CS due to delayed progress in the first stage of labor appears to be novel, and recent published data on the second stage of labor agree with our findings that the overall duration before CS has increased. 30 Previous authors have speculated that clinical thresholds had fallen in order to explain increased intrapartum CS rates in first-time mothers, 16, 17 but limited data prevented exploration of this. Increasing evidence that FBS is of limited value may partly explain the reduction in confirmation of fetal acidosis before performing CS for suspected fetal distress.
The higher risk of neonatal deaths following planned CS reflects complex pregnancies and is consistent with previous findings from a WHO study. 4 Our data on indication for CS for affected cases (not presented due to risk of disclosure in relation to small numbers) supports that these findings can be explained by known fetal pathology.
Increased NNU admission may be due to increased respiratory mor- scar rupture. All must be considered before recommendations on future practice can be made. 
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